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DWKLJKPDJQHWLF ILHOGV6LOLFRQSKRWRPXOWLSOLHUVZLWKD VHQVLWLYHDUHDRI[PPDUHXVHG WRGHWHFW OLJKW IURP WKH IROORZLQJ
*OXH; VFLQWLOODWRU GHWHFWRUV WKH WDJJHUPLFURVFRSH SDLU VSHFWURPHWHU DQG VWDUW FRXQWHU $UUD\V RI [ 6L30V VHQVRUV ZHUH
FKRVHQIRUWKHLQVWUXPHQWDWLRQRIWKHEDUUHOHOHFWURPDJQHWLFFDORULPHWHU7KHWDJJHUPLFURVFRSHPXVWRSHUDWHDWKLJKUDWHVXSWR
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TXHQFKLQJUHVLVWRU(DFK$3'KDVDVL]HYDU\LQJIURPîȝPWRîȝPWKHVRFDOOHGSL[HOVL]HDQGLV
FDSDEOHRIGHWHFWLQJSKRWRQVLQGHSHQGHQWO\$OOSL[HOVLQWKHDUUD\DUHFRQQHFWHGHOHFWULFDOO\LQSDUDOOHOWRDFRPPRQ
RXWSXW 7KH RXWSXW SXOVH DPSOLWXGH LV SURSRUWLRQDO WR WKH QXPEHU RI SL[HOV ILUHG LH WR WKH QXPEHU RI GHWHFWHG
SKRWRQV6L30DUHXVHGLQVHYHUDOVXEGHWHFWRUVRIWKH*OXH;H[SHULPHQW7KH*OXH;H[SHULPHQWDQGDSSOLFDWLRQRI
6L30V LQYDULRXV VXEGHWHFWRUVZLOOEHGHVFULEHG LQ6HFWLRQ0HDVXUHPHQW UHVXOWVRI VRPH6L30FKDUDFWHULVWLFV
ZLOOEHSUHVHQWHGLQ6HFWLRQ
$SSOLFDWLRQRI6L30VLQ*OXH;H[SHULPHQW




WRSURYLGH FULWLFDO GDWD WKDWZLOO KHOS WRTXDQWLWDWLYHO\XQGHUVWDQG FRQILQHPHQWRITXDUNV DQGJOXRQV LQTXDQWXP
FKURPRG\QDPLFV4&'&RQILQHPHQWLVDXQLTXHSURSHUW\RIWKH4&'DVVRFLDWHGZLWKDJOXRQLFILHOGUHVSRQVLEOH
IRUELQGLQJTXDUNVLQKDGURQV+\EULGPHVRQVZLWKH[RWLFTXDQWXPQXPEHUV-3&SURYLGHDXQLTXHRSSRUWXQLW\IRU
WHVWLQJ 4&' LQ WKH FRQILQHPHQW UHJLPH VLQFH WKHVH PHVRQV H[SOLFLWO\ PDQLIHVW JOXRQLF GHJUHHV RI IUHHGRP
3KRWRSURGXFWLRQLVH[SHFWHGWREHSDUWLFXODUO\HIIHFWLYHLQSURGXFLQJH[RWLFK\EULGV
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SHDN HQHUJ\ UHJLRQ (OHFWURQSRVLWURQ SDLUV DUH FUHDWHG E\ EHDP SKRWRQV LQVLGH D WKLQ FRQYHUWHU ZLWK D W\SLFDO
WKLFNQHVVRIa UDGLDWLRQ OHQJWK7KHSURGXFHG OHSWRQVDUHGHIOHFWHG LQDGLSROHPDJQHWDQG UHJLVWHUHG LQ WZR
OD\HUV RI VFLQWLOODWRU GHWHFWRUV D KLJKJUDQXODULW\ KRGRVFRSH DQG D VHW RI FRDUVH FRXQWHUV 7KH GHWHFWRUV DUH
RUJDQL]HG LQWR WZR DUPV SRVLWLRQHG V\PPHWULFDOO\ ZLWK UHVSHFW WR WKH SKRWRQ EHDPOLQH (DFK KLJKJUDQXODULW\
KRGRVFRSHFRQVLVWVRIWKLQVFLQWLOODWRUWLOHVîîPPDQGîîPPVWDFNHGWRJHWKHU7KHOLJKWIURP






2.4. Start Counter 
&ROOLPDWHG EHDP SKRWRQV DUH VXEVHTXHQWO\ VHQW WR WKH *OXH; OLTXLG K\GURJHQ WDUJHW VXUURXQGHG E\ WKH VWDUW





2.5. Barrel calorimeter 
$QRWKHU*OXH;VXEGHWHFWRUZKLFKLVLQVWUXPHQWHGZLWK6L30VLVWKHEDUUHOFDORULPHWHU%&$/>@7KH%&$/
FRQVLVWVRILGHQWLFDOPRGXOHVEXLOWXVLQJOHDGVKHHWVZLWKJURRYHVDQGVFLQWLOODWLQJILEHUVSRVLWLRQHGLQVLGHWKHP
7KHPRGXOH LV UHDG RXW IURP ERWK VLGHV E\  6L30SKRWRGHWHFWRUV DV VKRZQ LQ )LJ  7KH SKRWRGHWHFWRUV DUH
FRPSDFW DQG WROHUDQW WR D PDJQHWLF ILHOG DERYH  7 (DFK SKRWRGHWHFWRU LV DQ DUUD\ RI [ FXVWRP VLOLFRQ
SKRWRPXOWLSOLHUV îPP HDFKPDQXIDFWXUHG E\+DPDPDWVX&RUSRUDWLRQ 6 ;ZKLFK VL]H LV î
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[PPDUHXVHG WRGHWHFW OLJKW IURPWKH WDJJHUPLFURVFRSHSDLU VSHFWURPHWHUDQGVWDUWFRXQWHU$UUD\VRI[
FXVWRP VLOLFRQ SKRWRPXOWLSOLHU PDQXIDFWXUHG E\ +DPDPDWVX &RUSRUDWLRQ 6 ; ZHUH FKRVHQ IRU WKH
LQVWUXPHQWDWLRQRIWKHEDUUHOHOHFWURPDJQHWLFFDORULPHWHU
6L30WLPLQJPHDVXUHPHQWV
3.1. Timing resolution 
6L30V DUH NQRZQ WR KDYH H[WUHPHO\ JRRG WLPH UHVROXWLRQ HYHQ IRU VPDOO DPRXQW RI OLJKW FRUUHVSRQGLQJ WR D
VLQJOHSL[HO UHVSRQVH >@ 7KH ULVH WLPH RI WKH OLJKW SXOVH DQG UHDGRXW HOHFWURQLFV FDQ VLJQLILFDQWO\ DIIHFW WLPLQJ
FKDUDFWHULVWLFVRIWKHGHWHFWRU:HPHDVXUHGWKHWLPHUHVROXWLRQRI+DPDPDWVX6L30VZLWKDVHQVLWLYHDUHD[PP
DQG SL[HO VL]H RI  PLFURQV 033& 6& IRU YDULRXV QXPEHUV RI ILUHG SL[HOV DQG RSHUDWLRQ UDWH
0HDVXUHPHQWVZHUHPDGHXVLQJDSLFRVHFRQGODVHUSXOVHUDQGOLJKWSURGXFHGE\DQ/('ZLWKWRWDOSXOVHZLGWKRI
QV ,Q WKH ILUVW FDVH WKH WLPH UHVROXWLRQ LV OLPLWHG E\ UHDGRXW HOHFWURQLFV )RU VWXGLHV ZLWK DQ /(' WKH PDLQ
FRQWULEXWLRQWRWKHWLPHUHVROXWLRQFRPHVIURPWKHULVHWLPHRIWKHOLJKWSXOVHRIaQV7KHULVHWLPHLVFRPSDUDEOH
ZLWKWKHOLJKWFROOHFWLRQWLPHIURPDVFLQWLOODWRUXVLQJWUDQVSDUHQWILEHUVRUZDYHOHQJWKVKLIWHUILEHU:/6:HDOVR







LGHQWLFDO 6L30V UHGXFHV WKH LPSDFW RI WKH LQVWDELOLW\ RI WKH /(' SXOVH DQG WKH V\VWHPDWLF HIIHFWV IURP WKH
HOHFWURQLFV 6WDELOLW\ RI WKH /(' SXOVH DV D IXQFWLRQ RI IUHTXHQF\ DQG VLJQDO DPSOLWXGHZHUHPHDVXUHG XVLQJ D
FDOLEUDWHGSKRWRVHQVRU5HVXOWVVKRZHGWKDWWKHSXOVHIURPWKH/('ZDVVWDEOHXSWR0+]






LQDQVZLQGRZ7KH VLQJOHSL[HO$'&UHVSRQVHZDVGHWHUPLQHG IURPD$'&VSHFWUXP7LPH UHVROXWLRQZDV
GHWHUPLQHGXVLQJDWLPHGLIIHUHQFHEHWZHHQWZR6L30VDV

























6L30V )RU WKH VDPH UHDVRQ WKH GHSHQGHQFH RI WKH WLPH UHVROXWLRQ RQ WKH WHPSHUDWXUH LV VWURQJHU IRU D IHZHU
QXPEHURIILUHGSL[HOV
 7KH WLPH UHVROXWLRQ LV IRXQG WR EH RQ WKH OHYHO RI  ±  SV VWDUWLQJ IURP a  ILUHG SL[HOV IRU033&
6&DQGIURPaILUHGSL[HOVIRU033&6;,WLVGHWHUPLQHGE\UHDGRXWHOHFWURQLFVDQGWKH
WLPHUHVROXWLRQRIWKH6L30LWVHOI






















7KH *OXH; GHWHFWRU LQ +DOO ' DW -HIIHUVRQ /DE LV LQVWUXPHQWHG ZLWK DERXW  6L30V PDQXIDFWXUHG E\
+DPDPDWVX&RUSRUDWLRQ6LOLFRQSKRWRPXOWLSOLHUVZLWKDVHQVLWLYHDUHDRI[PPDUHXVHGWRGHWHFWOLJKWIURPWKH
WDJJHUPLFURVFRSH SDLU VSHFWURPHWHU DQG VWDUW FRXQWHU 7LPH UHVROXWLRQ RI 6L30VPHDVXUHG XVLQJ DQ /(' E\
VLPXODWLQJ VLJQDOV IURP D IDVW VFLQWLOODWRUZDV IRXQG WR EH OHVV WKDQSV IRU D 6L30RSHUDWHG DW D UDWH XS WR
0+] $UUD\V RI [ 6L30V DUH XVHG IRU OLJKW GHWHFWLRQ IRU WKH EDUUHO HOHFWURPDJQHWLF FDORULPHWHU 7LPH
UHVROXWLRQPHDVXUHGIRU WKH6L30[DUUD\ZDVIRXQG WREHVOLJKWO\ZRUVH WKDQ WKDW IRU WKH LQGLYLGXDO[PP
6L30 VHQVRU WKH  SV UHVROXWLRQZDV REVHUYHG IRU  DQG  SL[HOV ILUHG LQ WKH DUUD\ DQG WKH VLQJOH 6L30
033&6&UHVSHFWLYHO\
$FNQRZOHGJHPHQWV
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